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DISPLAY APPARATUS HAVING VARIED
DRIVING FREQUENCY AND GATE CLOCK
SIGNAL

PRIORITY STATEMENT

This application claims priority under 35 U.S.C. § 119 to
Korean Patent Application No. 10-2018-0069586, filed on
Jun. 18, 2018 and PCT Application No PCIT/KR2019/
006598, filed on May 31, 2019 in the Korean Intellectual
Property Oflice KIPO, the contents of which are herein
incorporated by reference in their entireties.

BACKGROUND

1. Field

Example embodiments of the present inventive concept
relate to a display apparatus. More particularly, example
embodiments of the present inventive concept relate to a
display apparatus reducing a power consumption and
enhancing a display quality.

2. Description of the Related Art

Generally, a display apparatus includes a display panel
and a display panel driver. The display panel includes a
plurality of gate lines, a plurality of data lines, a plurality of
emission lines and a plurality of pixels. The display panel
driver includes a gate driver, a data driver, an emission
driver and a dniving controller. The gate driver outputs gate
signals to the gate lines. The data drniver outputs data
voltages to the data lines. The emission driver outputs
emission signals to the emission lines. The driving controller
controls the gate driver, the data driver and the emission
driver.

When an image displayed on the display panel 1s a static
image or the display panel 1s operated 1n always on mode,
a driving frequency of the display panel may be decreased
to reduce a power consumption.

When the driving frequency of the display panel 1s
changed, a display quality may be deteriorated due to a
luminance difference between images according to the driv-
ing {requency.

SUMMARY

Example embodiments of the present inventive concept
provide a display apparatus capable of reducing a power

consumption and enhancing a display quality.

In an example embodiment of a display apparatus accord-
ing to the present inventive concept, the display apparatus
includes a display panel, a gate driver, a data driver and an
emission driver. The display panel includes a pixel compris-
ing a switching element of a first type and a switching
clement of a second type different from the first type. The
gate driver 1s configured to generate a gate signal based on
a vertical start signal and a gate clock signal and output the
gate signal to the display panel. The data driver 1s configured
to output a data voltage to the display panel. The emission
driver 1s configured to output an emission signal to the
display panel. A driving frequency of the display panel 1s
varied according to an mput image. The gate clock signal has
an active duration having a varied length according to the
driving frequency.
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2

In an example embodiment, as the driving frequency
decreases, the length of the active duration of the gate clock
signal may increase.

In an example embodiment, an active duration length of
the vertical start signal may vary according to the driving
frequency.

In an example embodiment, as the driving frequency
decreases, the length of the active duration of the vertical
start signal may increase.

In an example embodiment, the gate signal may include
a data write gate signal. An active duration length of the data
write gate signal may vary according to the driving fre-
quency.

In an example embodiment, 1n a low frequency driving
mode, the gate clock signal may swing between a high level
and a low level 1n a writing frame when data 1s written to the
pixel. In the low frequency driving mode, the gate clock
signal may maintain the low level in a holding frame when
the data written to the pixel 1s maintained.

In an example embodiment, 1n a low frequency driving
mode, the gate clock signal may swing between a high level
and a low level 1n a writing frame when data 1s written to the
pixel. In the low frequency driving mode, the gate clock
signal may maintain the high level 1n a holding frame when
the data written to the pixel 1s maintained.

In an example embodiment, the switching element of the
first type may be a polysilicon thin film transistor. The
switching element of the second type may be an oxide thin
film transistor.

In an example embodiment, the switching element of the
first type may be a P-type transistor. The switching element
of the second type may be an N-type transistor.

In an example embodiment, the pixel may include a first
pixel switching element comprising a control electrode
connected to a first node, an input electrode connected to a
second node and an output electrode connected to a third
node, a second pixel switching element comprising a control
clectrode to which a first data write gate signal 1s applied, an
input electrode to which the data voltage 1s applied and an
output electrode connected to the second node, a third pixel
switching element comprising a control electrode to which
a second data write gate signal 1s applied, an 1input electrode
connected to the first node and an output electrode con-
nected to the third node, a fourth pixel switching element
comprising a control electrode to which a data mnitialization
gate signal 1s applied, an input electrode to which an
initialization voltage 1s applied and an output electrode
connected to the first node, a fifth pixel switching element
comprising a control electrode to which the emission signal
1s applied, an input electrode to which a high power voltage
1s applied and an output electrode connected to the second
node, a sixth pixel switching element comprising a control
clectrode to which the emission signal 1s applied, an 1mput
clectrode connected to the third node and an output electrode
connected to an anode electrode of an organic light emitting
clement, a seventh pixel switching element comprising a
control electrode to which an organic light emitting element
initialization gate signal 1s applied, an input electrode to
which the imitialization voltage 1s applied and an output
clectrode connected to the anode electrode of the organic
light emitting element, and a storage capacitor comprising a
first electrode to which the high power voltage 1s applied and
a second electrode connected to the first node. The organic
light emitting element may include the anode electrode
connected to the output electrode of the sixth pixel switching
clement and a cathode electrode to which a low power
voltage 1s applied.
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In an example embodiment, the first pixel switching
clement, the second pixel switching element, the fifth pixel
switching element and the sixth pixel switching element
may be the polysilicon thin film transistors. The third pixel
switching element, the fourth pixel switching element and
the seventh pixel switching element may be the oxide thin
film transistors.

In an example embodiment, the pixel may include a first
pixel switching element comprising a control electrode
connected to a first node, an input electrode connected to a
second node and an output electrode connected to a third
node, a second pixel switching element comprising a control
clectrode to which a first data write gate signal 1s applied, an
input electrode to which the data voltage 1s applied and an
output electrode connected to the second node, a third pixel
switching element comprising a control electrode to which
a second data write gate signal 1s applied, an mput electrode
connected to the first node and an output electrode con-
nected to the third node, a fourth pixel switching element
comprising a control electrode to which a data imtialization
gate signal 1s applied, an iput electrode to which an
initialization voltage 1s applied and an output electrode
connected to the first node, a fifth pixel switching element
comprising a control electrode to which the emission signal
1s applied, an input electrode to which a high power voltage
1s applied and an output electrode connected to the second
node, a sixth pixel switching element comprising a control
clectrode to which the emission signal 1s applied, an 1nput
clectrode connected to the third node and an output electrode
connected to an anode electrode of an organic light emitting
clement, a seventh pixel switching element comprising a
control electrode to which the emission signal 1s applied, an
input electrode to which the mitialization voltage 1s applied
and an output electrode connected to the anode electrode of
the organic light emitting element, and a storage capacitor
comprising a first electrode to which the high power voltage
1s applied and a second electrode connected to the first node.
The organic light emitting element may include comprising
the anode electrode connected to the output electrode of the
sixth pixel switching element and a cathode electrode to
which a low power voltage 1s applied.

In an example embodiment, the first pixel switching
clement, the second pixel switching element, the fifth pixel
switching element, the sixth pixel switching element and the
seventh pixel switching element may be the polysilicon thin
film transistors. The third pixel switching element and the
fourth pixel switching element may be the oxide thin film
transistors.

In an example embodiment, a display panel driver may be
configured to drive the switching element of the first type
and the switching element of the second type 1n a high
driving frequency in a high frequency driving mode. The
display panel driver may be configured to drive the switch-
ing element of the first type and the switching element of the
second type 1n a low driving frequency 1n a low frequency
driving mode.

In an example embodiment, a display panel driver may be
configured to drive the switching element of the first type
and the switching element of the second type 1n a high
driving frequency in a high frequency driving mode. The
display panel driver may be configured to drive the switch-
ing element of the first type 1n the high drniving frequency
and the switching element of the second type in a low
driving frequency less than the high driving frequency 1n a
hybrid driving mode.

In an example embodiment of a display apparatus accord-
ing to the present inventive concept, the display apparatus
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4

includes a display panel, a gate driver, a data driver and an
emission driver. The display panel includes a pixel which
includes a switching element of a first type and a switching
clement of a second type different from the first type. The
gate driver 1s configured to output a gate signal to the display
panel. The data driver 1s configured to output a data voltage
to the display panel. The emission driver 1s configured to
output an emission signal to the display panel. A driving
frequency of the display panel 1s varied according to an input
image. A high power voltage applied to the pixel may vary
according to the driving frequency.

In an example embodiment, as the driving frequency
decreases, the level of the high power voltage may decrease.

In an example embodiment, the high power voltage
applied to the pixel may vary according to the driving
frequency. The high power voltage may be gradually
changed to the target level as time passes.

In an example embodiment of a display apparatus accord-
ing to the present inventive concept, the display apparatus
includes a display panel, a gate driver, a data driver and an
emission driver. The display panel includes a pixel which
includes a switching element of a first type and a switching
clement of a second type different from the first type. The
gate driver 1s configured to output a gate signal to the display
panel. The data driver 1s configured to output a data voltage
to the display panel. The emission driver 1s configured to
output an emission signal to the display panel. A drniving
frequency of the display panel may vary according to an
input 1mage. A gate on voltage defimng a high level of the
gate signal may vary according to the driving frequency.

In an example embodiment, as the driving frequency
decreases, the level of the gate on voltage may increase.

According to the display apparatus, the gate clock signal
having a varied activation duration length according to the
driving frequency may be applied to the gate driver. Accord-
ingly, the luminance diflerence between the images of the
display panel according to the driving frequency may be
compensated so that the display quality of the display panel
may be enhanced.

In addition, the high power voltage having a varied level
according to the driving frequency may be applied to the
pixel. Accordingly, the luminance difference between the
images ol the display panel according to the driving fre-
quency may be compensated so that the display quality of
the display panel may be enhanced.

In addition, the gate on voltage having a varied level
according to the driving frequency may be applied to the
gate driver. Accordingly, the luminance difference between
the 1mages of the display panel according to the driving
frequency may be compensated so that the display quality of
the display panel may be enhanced.

Therefore, the display quality deterioration generated 1n
the low frequency driving mode may be resolved so that the
power consumption of the display apparatus may be reduced

and the display quality of the display panel may be
enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating a display apparatus
according to an example embodiment of the present inven-
tive concept.

FIG. 2 1s a circuit diagram 1illustrating a pixel of a display
panel of FIG. 1.

FIG. 3 1s a timing diagram illustrating input signals
applied to the pixel of FIG. 2.
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FIG. 4a 1s a timing diagram illustrating signals applied to
the pixels of the display panel of FIG. 2 1n a low frequency
driving mode.

FI1G. 4b 1s a timing diagram illustrating signals applied to
the pixels of the display panel of FIG. 2 1n a low frequency
hybrid driving mode.

FI1G. 5 1s a table 1llustrating an active duration of a vertical
start signal and an active duration of a gate clock signal
applied to a gate drniver of FIG. 1 according to a driving
frequency of the display panel of FIG. 1.

FIG. 6a 1s a timing diagram 1llustrating the vertical start
signal and the gate clock signal applied to the gate driver of
FIG. 1 1n a high frequency driving mode.

FIG. 65 1s a timing diagram 1illustrating the vertical start
signal and the gate clock signal applied to the gate dniver of
FIG. 1 1n the low frequency driving mode.

FIG. 7a 1s a timing diagram illustrating input signals
applied to the pixel of the display panel of FIG. 2 1n the high
frequency driving mode.

FIG. 7b 1s a timing diagram illustrating input signals
applied to the pixel of the display panel of FIG. 2 1n the low
frequency driving mode.

FIG. 8 1s a timing diagram illustrating a vertical start
signal and a gate clock signal applied to a gate driver 1n a
low frequency driving mode of a display panel according to
an example embodiment of the present inventive concept.

FIG. 9 1s a timing diagram illustrating a vertical start
signal and a gate clock signal applied to a gate driver 1n a
low frequency driving mode of a display panel according to
an example embodiment of the present inventive concept.

FIG. 10 1s a table illustrating a level of a high power
voltage applied to a pixel according to a driving frequency
of a display panel according to an example embodiment of
the present inventive concept.

FIG. 11 1s a timing diagram 1llustrating a gate voltage of
a first pixel switching element of the display panel of FIG.
10 when the high power voltage 1s not compensated accord-
ing to the driving frequency.

FIG. 12 1s a timing diagram illustrating an example of the
high power voltage of the display panel of FIG. 10 when the
high power voltage 1s compensated according to the driving
frequency.

FIG. 13 1s a timing diagram illustrating an example of the
high power voltage of the display panel of FIG. 10 when the
high power voltage 1s compensated according to the driving,
frequency.

FI1G. 14 15 a table 1llustrating a gate on voltage applied to
a gate driver according to a driving frequency of a display
panel according to an example embodiment of the present
inventive concept.

FIG. 15 1s a timing diagram 1illustrating the gate on
voltage of the gate dniver of FIG. 14 when the gate on
voltage 1s compensated according to the driving frequency.

FIG. 16 1s a circuit diagram 1llustrating a pixel of a display
panel according to an example embodiment of the present
inventive concept.

FI1G. 17 1s a circuit diagram 1llustrating a pixel of a display
panel according to an example embodiment of the present
inventive concept.

FIG. 18 1s a timing diagram illustrating input signals
applied to the pixel of the display panel of FIG. 17.

DETAILED DESCRIPTION OF THE INVENTIV.
CONCEPT

L1

Hereinafter, the present inventive concept will be
explained i detaill with reference to the accompanying
drawings.
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FIG. 1 1s a block diagram 1illustrating a display apparatus
according to an example embodiment of the present inven-
tive concept.

Retferring to FIG. 1, the display apparatus includes a
display panel 100 and a display panel driver. The display
panel driver includes a driving controller 200, a gate driver
300, a gamma reference voltage generator 400, a data driver
500 and an emission driver 600.

The display panel 100 has a display region on which an
image 1s displayed and a peripheral region adjacent to the
display region.

The display panel 100 includes a plurality of gate lines
GWPL, GWNL, GIL and GBL, a plurality of data lines DL,
a plurality of emission lines EL and a plurality of pixels
clectrically connected to the gate lines GWPL, GWNL, GIL
and GBL, the data lines DL and the emission lines EL. The
gate lines GWPL, GWNL, GIL and GBL may extend 1n a
first direction D1, the data lines DL may extend 1n a second
direction D2 crossing the first direction D1 and the emission
lines ELL may extend 1n the first direction D1.

The driving controller 200 receives input image data IMG
and an input control signal CONT from an external appa-
ratus (not shown). For example, the input image data IMG
may 1include red image data, green 1image data and blue
image data. The input 1image data IMG may include white
image data. The mput image data IMG may include magenta
image data, cyan image data and yellow image data. The
input control signal CONT may include a master clock
signal and a data enable signal. The mput control signal
CONT may further include a vertical synchronizing signal
and a horizontal synchronizing signal.

The driving controller 200 generates a first control signal
CONT1, a second control signal CONT2, a third control

signal CONT3, a fourth control signal CONT4 and a data
signal DATA based on the input image data IMG and the
input control signal CONT.

The driving controller 200 generates the first control
signal CONT1 for controlling an operation of the gate driver
300 based on the mput control signal CON'T, and outputs the
first control signal CONT1 to the gate driver 300. The first
control signal CON'T1 may include a vertical start signal and
a gate clock signal.

The drniving controller 200 generates the second control
signal CONT2 for controlling an operation of the data driver
500 based on the mput control signal CON'T, and outputs the
second control signal CONT2 to the data driver 500. The
second control signal CONT2 may include a horizontal start
signal and a load signal.

The driving controller 200 generates the data signal
DATA based on the mput image data IMG. The drniving
controller 200 outputs the data signal DATA to the data
driver 500.

The drniving controller 200 generates the third control
signal CONT3 for controlling an operation of the gamma
reference voltage generator 400 based on the mput control
signal CON'T, and outputs the third control signal CONT3 to
the gamma reference voltage generator 400.

The driving controller 200 generates the fourth control
signal CONT4 for controlling an operation of the emission
driver 600 based on the mput control signal CONT, and
outputs the fourth control signal CONT4 to the emission
driver 600.

The gate driver 300 generates gate signals driving the gate
lines GWPL, GWNL, GIL and GBL in response to the first
control signal CONT1 received from the driving controller
200. The gate driver 300 may sequentially output the gate
signals to the gate lines GWPL, GWNL, GIL and GBL.
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The gamma reference voltage generator 400 generates a
gamma reference voltage VGREF 1n response to the third
control signal CONT3 received from the driving controller
200. The gamma reference voltage generator 400 provides
the gamma reference voltage VGREF to the data driver 500.
The gamma reference voltage VGREF has a value corre-
sponding to a level of the data signal DATA.

In an example embodiment, the gamma reference voltage
generator 400 may be disposed in the driving controller 200,
or 1n the data driver 500.

The data driver 500 receives the second control signal
CON'T2 and the data signal DATA from the driving control-
ler 200, and receives the gamma reference voltages VGREF
from the gamma reference voltage generator 400. The data
driver 500 converts the data signal DATA 1nto data voltages
having an analog type using the gamma reference voltages

VGREF. The data driver 500 outputs the data voltages to the
data lines DL.

The emission driver 600 generates emission signals to
drive the emission lines EL 1n response to the fourth control
signal CONT4 received from the driving controller 200. The
emission driver 600 may output the emission signals to the
emission lines EL.

FIG. 2 1s a circuit diagram illustrating a pixel of the
display panel 100 of FIG. 1. FIG. 3 15 a timing diagram
illustrating input signals applied to the pixel of FIG. 2.

Referring to FIGS. 1 to 3, the display panel 100 includes
the plurality of the pixels. Each pixel includes an organic
light emitting element OLED.

The pixel receives a data write gate signal GWP and
GWN, a data imtialization gate signal GI, an organic light
emitting element mitialization signal GB, the data voltage
VDATA and the emission signal EM and the organic light
emitting element OLED of the pixel emits light correspond-
ing to the level of the data voltage VDATA to display the
image.

In the present example embodiment, the pixel may
include a switching element of a first type and a switching
clement of a second type different from the first type. For
example, the switching element of the {first type may be a
polysilicon thin film transistor. For example, the switching
clement of the first type may be a low temperature polysili-
con (LTPS) thin film transistor. For example, the switching
clement of the second type may be an oxide thin film
transistor. For example, the switching element of the first
type may be a P-type transistor and the switching element of
the second type may be an N-type transistor.

For example, the data write gate signal may include a first
data write gate signal GWP and a second data write gate
signal GWN. The first data write gate signal GWP may be
applied to the P-type transistor so that the first data write
gate signal GWP has an activation signal of a low level
corresponding to a data writing timing. The second data
write gate signal GWN may be applied to the N-type
transistor so that the second data write gate signal GWN has
an activation signal of a high level corresponding to the data
writing timing.

At least one of the pixels may include first to seventh pixel
switching elements T1 to T7, a storage capacitor CST and
the organic light emitting element OLED.

The first pixel switching element T1 includes a control
clectrode connected to a first node N1, an mput electrode
connected to a second node N2 and an output electrode
connected to a third node N3.

For example, the first pixel switching element T1 may be
the polysilicon thin film transistor. For example, the first
pixel switching element T1 may be the P-type thin film
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transistor. The control electrode of the first pixel switching
clement T1 may be a gate electrode, the mput electrode of
the first pixel switching element T1 may be a source
clectrode and the output electrode of the first pixel switching
clement T1 may be a drain electrode.

The second pixel switching element T2 includes a control
clectrode to which the first data write gate signal GWP 1s
applied, an input electrode to which the data voltage VDATA
1s applied and an output electrode connected to the second
node N2.

For example, the second pixel switching element T2 may
be the polysilicon thin film transistor. For example, the
second pixel switching element T2 may be the P-type thin
film transistor. The control electrode of the second pixel
switching element T2 may be a gate electrode, the input
clectrode of the second pixel switching element T2 may be
a source c¢lectrode and the output electrode of the second
pixel switching element T2 may be a drain electrode.

The third pixel switching element T3 includes a control
clectrode to which the second data write gate signal GWN
1s applied, an mput electrode connected to the first node N1
and an output electrode connected to the third node N3.

For example, the third pixel switching element T3 may be
the oxide thin film transistor. For example, the third pixel
switching element 13 may be the N-type thin film transistor.
The control electrode of the third pixel switching element T3
may be a gate electrode, the input electrode of the third pixel
switching element T3 may be a source electrode and the
output electrode of the third pixel switching element T3 may
be a drain electrode.

The fourth pixel switching element T4 includes a control
clectrode to which the data imitialization gate signal GI 1s
applied, an 1mput electrode to which an nitialization voltage
V1 1s applied and an output electrode connected to the first
node N1.

For example, the fourth pixel switching element T4 may
be the oxide thin film transistor. For example, the fourth
pixel switching element T4 may be the N-type thin film
transistor. The control electrode of the fourth pixel switching,
clement T4 may be a gate electrode, the mput electrode of
the fourth pixel switching element T4 may be a source
clectrode and the output electrode of the fourth pixel switch-
ing element T4 may be a drain electrode.

The fifth pixel switching element T35 includes a control
clectrode to which the emission signal EM 1s applied, an
iput electrode to which a high power voltage ELVDD 1s
applied and an output electrode connected to the second
node N2.

For example, the fifth pixel switching element TS may be
the polysilicon thin film transistor. For example, the fifth
pixel switching element 15 may be the P-type thin film
transistor. The control electrode of the fifth pixel switching
clement T5 may be a gate electrode, the input electrode of
the fifth pixel switching element TS may be a source
clectrode and the output electrode of the fifth pixel switching
clement TS may be a drain electrode.

The sixth pixel switching element T6 includes a control
clectrode to which the emission signal EM 1s applied, an
input electrode connected to the third node N3 and an output
clectrode connected to an anode electrode of the organic
light emitting element OLED.

For example, the sixth pixel switching element T6 may be
the polysilicon thin film transistor. For example, the sixth
pixel switching element Té6é may be a P-type thin film
transistor. The control electrode of the sixth pixel switching
clement T6 may be a gate electrode, the input electrode of
the sixth pixel switching element T6 may be a source
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clectrode and the output electrode of the sixth pixel switch-
ing element T6 may be a drain electrode.

The seventh pixel switching element T77 includes a control
clectrode to which the organic light emitting element 1ni-
tialization gate signal GB 1s applied, an mput electrode to
which the imitialization voltage VI 1s applied and an output
clectrode connected to the anode electrode of the organic
light emitting element OLED.

For example, the seventh pixel switching element T7 may
be the oxide thin film transistor. For example, the seventh
pixel switching element T7 may be the N-type thin film
transistor. The control electrode of the seventh pixel switch-
ing element 17 may be a gate electrode, the mnput electrode
of the seventh pixel switching element T7 may be a source
clectrode and the output electrode of the seventh pixel
switching element T7 may be a drain electrode.

The storage capacitor CST includes a first electrode to
which the high power voltage ELVDD 1s applied and a
second electrode connected to the first node N1.

The organic light emitting element OLED includes the
anode electrode and a cathode electrode to which a low
power voltage ELVSS 1s applied.

In FIG. 3, during a first duration DU1, the first node N1

and the storage capacitor CS'T are mitialized in response to
the data mitialization gate signal GI. During a second
duration DU2, a threshold voltage |VTHI of the first pixel
switching element T1 1s compensated and the data voltage
VDATA of which the threshold voltage IVTHI 1s compen-
sated 1s written to the first node N1 1n response to the first
and second data write gate signals GWP and GWN. During
a third duration DU3, the anode electrode of the organic light
emitting element OLED 1s iitialized in response to the
organic light emitting element initialization gate signal GB.
During a fourth duration DU4, the organic light emitting
clement OLED emit the light 1n response to the emission
signal EM so that the display panel 100 displays the image.

Although an emission ofl duration of the emission signal
EM corresponds to first to third durations DU1, DU2 and
DU3 1n the present example embodiment, the present inven-
tive concept 1s not limited thereto. The emission off duration
of the emission signal EM may be set to include the data
writing duration DU2. The emission off duration of the
emission signal EM may be longer than a sum of the first to
third durations DU1, DU2 and DU3.

During the first duration DU1, the data imitialization gate
signal GI may have an active level. For example, the active
level of the data mitialization gate signal GI may be a high
level. When the data imitialization gate signal GI has the
active level, the fourth pixel switching element T4 1s turned
on so that the mitialization voltage VI may be applied to the
first node N1. The data mitialization gate signal GI[N] of a
present stage may be generated based on a scan signal
SCAN[N-1] of a previous stage.

During the second duration DU2, the first data write gate
signal GWP and the second data write gate signal GWN may
have an active level. For example, the active level of the first
data write gate signal GWP may be a low level and the active
level of the second data write gate signal GWN may be a
high level. When the first data write gate signal GWP and the
second data writhe gate signal GWN have the active level,
the second pixel switching element 12 and the third pixel
switching element T3 are turned on. In addition, the first
pixel switching element T1 1s turned on in response to the
initialization voltage VI. The first data write gate signal
GWP[N] of the present stage may be generated based on a
scan signal SCAN|[N] of the present stage. The second data

10

15

20

25

30

35

40

45

50

55

60

65

10

write gate signal GWN[N] of the present stage may be
generated based on the scan signal SCAN[N] of the present
stage.

A voltage which 1s subtraction an absolute value IVTHI| of
the threshold voltage of the first pixel switching element T1
from the data voltage VDATA may be charged 1n the storage
capacitor CST along a path generated by the first to third
pixel switching elements T1, T2 and T3.

During the third duration DU3, the organic light emitting,
clement initialization signal GB may have an active level.
For example, the active level of the organic light emitting
clement nitialization signal GB may be a high level. When
the organic light emitting element initialization signal GB
has the active level, the seventh pixel switching element 17
1s turned on so that the imitialization voltage VI may be
applied to the anode electrode of the organic light emitting
clement OLED. The organic light emitting element initial-
ization signal GB[N] of the present stage may be generated
based on a scan signal SCAN[N+1] of a next stage.

During the fourth duration DU4, the emission signal EM
may have an active level. The active level of the emission
signal EM may be a low level. When the emission signal EM
has the active level, the fifth pixel switching element T3S and
the sixth pixel switching element 16 are turned on. In
addition, the first pixel switching element T1 1s turned on by
the voltage stored in the storage capacitor CST.

A driving current flows through the fifth pixel switching
clement T5, the first pixel switching element T1 and the
sixth pixel switching element T6 to drive the organic light
emitting element OLED. An 1ntensity of the driving current
may be determined by the level of the data voltage VDATA.
A luminance of the organic light emitting element OLED 1s
determined by the intensity of the dnving current. The
driving current ISD flowing through a path from the mput
clectrode to the output electrode of the first pixel switching
clement 11 1s determined as following Equation 1.

ISD=Y5uCow W/L(VSG-IVTHI)? [Equation 1]

In Equation 1, u 1s a mobility of the first pixel switching
clement T1. Cox 1s a capacitance per unit area of the first
pixel switching element T1. W/L 1s a wadth to length ratio of
the first pixel switching element T1. VSG 1s a voltage
between the mput electrode N2 of the first pixel switching
clement T1 and the control node N1 of the first pixel
switching element T1. [VTHI 1s the threshold voltage of the
first pixel switching element T1.

The voltage VG of the first node N1 after the compen-
sation of the threshold voltage IVTHI| during the second
duration DU2 may be represented as following Equation 2.

VG=VDATA-|VTH]| [Equation 2]

When the organic light emitting element OLED emits the
light during the fourth duration DU4, the driving voltage
VOV and the dnving current ISD may be represented as
following Equations 3 and 4. In Equation 3, VS 1s a voltage
of the second node N2.

VOV = VS — VG - |VTH| = [Equation 3]

ELVDD — (VDATA — |VTH|) — |VTH| = ELVDD — VDATA

1 W 5 |Equation 4]
I1SD = E#CE}X 7 (ELVDD - VDATA)

The threshold voltage IVTHI 1s compensated during the
second duration DU2, so that the driving current ISD may be
determined regardless of the threshold voltage |VTHI of the
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first pixel switching element T1 when the organic light
emitting element OLED emits the light during the fourth

duration DU4.

In the present example embodiment, when the image
displayed on the display panel 100 1s a static 1mage or the
display panel 1s operated in always on mode, a drniving

frequency of the display panel 100 may be decreased to
reduce a power consumption. When all of the switching
clements of the pixel of the display panel 100 are polysilicon
thin film transistor, a fhicker may be generated due to a
leakage current of the pixel switching element in the low
frequency driving mode. Thus, some of the pixel switching
clements may be designed using the oxide thin film transis-
tors. In the present example embodiment, the third pixel
switching element T3, the fourth pixel switching element T4
and the seventh pixel switching element 17 may be the oxide
thin film transistors. The first pixel switching element T1,
the second pixel switching element T2, the fifth pixel
switching element T5 and the sixth pixel switching element
16 may be the polysilicon thin film transistors.

FIG. 4a 1s a timing diagram illustrating signals applied to
the pixels of the display panel of FIG. 2 1n a low frequency
driving mode. FIG. 46 1s a timing diagram 1illustrating
signals applied to the pixels of the display panel of FIG. 2
in a low frequency hybrid driving mode.

Referring to FIGS. 1 to 45, the display panel 100 may be
driven 1n a first mode and a second mode. In the first mode,
the display panel driver may dnive at least one of the
switching elements (e.g. T2, 'T5 and T6) of the first type and
at least one of the switching elements (e.g. T3 and T4) of the
second type 1n a high driving frequency. In the second mode,
the display panel drniver may drive at least one of the
switching elements (e.g. T2, T5 and T6) of the first type 1n
the high driving frequency and drive at least one of the
switching elements (e.g. T3 and T4) of the second type 1n a
low drniving frequency less than the high driving frequency.

The first mode may be a high frequency driving mode.
The second mode may be a low frequency hybrid driving
mode.

However, all of the switching elements of the second type
may not be driven 1n the low driving frequency 1n the second
mode. The switching element (e.g. T7) of the second type
may be an element for initializing the organic light emitting
clement so that the seventh pixel switching element T7 may
be driven 1n the high driving frequency like the fifth pixel
switching element 15 and the sixth pixel switching element
16 1n the second mode.

Alternatively, 1n a third mode, the display panel dniver
may drive at least one of the switching elements of the first
type and at least one of the switching elements of the second
type 1n the low driving frequency.

The first mode may be a high frequency driving mode.
The third mode may be a low frequency driving mode.

The display panel driver (e.g. the driving controller 200)
may analyze the input image. The display panel driver may
determine whether the mput 1mage 1s a movie 1mage or a
static 1mage.

When the input image 1s the movie image, the display
panel 100 may be driven in the high frequency driving
mode. When the mput 1image 1s the static image, the display
panel 100 may be driven in the low frequency hybrid driving,
mode or 1n the low frequency driving mode.

FI1G. 4a represents the signal of the low frequency driving
mode. In the low frequency drniving mode, the emission
signal EM, the first data write gate signal GWP, the data
initialization gate signal GI, the second data write gate signal
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GWN and the organic light emitting element initialization
gate signal GB may be driven 1n the low driving frequency.

In FIG. 4a, the high driving frequency may be 60 Hz and
the low driving frequency may be 1 Hz. Herein, in the low
frequency driving mode, a writing operation WRITE 1s
performed 1n one frame and holding operations HOLD are
performed 1n fifty nine frames in a second.

FIG. 4b represents the signal of the low frequency hybnd
driving mode. In the low frequency hybrid driving mode, the
emission signal EM, the first data write gate signal GWP and
the organic light emitting element 1mitialization gate signal
(B may be driven 1n the high driving frequency and the data
iitialization gate signal GI and the second data write gate
signal GWN may be driven in the low driving frequency.

In FIG. 45, the high driving frequency may be 60 Hz and
the low driving frequency may be 1 Hz. Herein, in the low
frequency hybrid driving mode, a writing operation WRITE
1s performed 1n one frame and holding operations HOLD are
operated 1n fifty mine frames 1 a second. In the holding
operation HOLD, the organic light emitting element may be
repetitively turned on and off.

In terms of power saving, the low frequency driving mode
may be better than the low frequency hybrid driving mode,
but the tlicker may be visually perceived to a user in the low
frequency driving mode according to the input image. Thus,
the display panel 100 may be selectively driven 1n the low
frequency driving mode and the low frequency hybnd
driving mode.

FIG. § 1s a table 1llustrating an active duration of a vertical
start signal and an active duration of a gate clock signal
applied to a gate driver of FIG. 1 according to a driving
frequency of the display panel of FIG. 1. FIG. 64 1s a timing
diagram 1llustrating the vertical start signal and the gate
clock signal applied to the gate driver of FIG. 1 in a high
frequency driving mode. FIG. 65 1s a timing diagram
illustrating the vertical start signal and the gate clock signal
applied to the gate driver of FIG. 1 1n the low frequency
driving mode. FIG. 7a 1s a timing diagram illustrating input
signals applied to the pixel of the display panel of FIG. 2 1n
the high frequency dniving mode. FIG. 75 1s a timing
diagram 1llustrating input signals applied to the pixel of the
display panel of FIG. 2 1n the low frequency driving mode.

Retferring to FIGS. 1 to 7b, the driving frequency of the
display panel 100 may be varied according to the input
image. For example, the driving frequency of the display
panel 100 may be determined as one of 60 Hz, 30 Hz, 20 Hz,
10 Hz, 2 Hz and 1 Hz according to the mput image.

The gate driver 300 may generate the gate signal based on
the vertical start signal FLM and the gate clock signal CLK
and output the gate signal to the display panel 100. For
example, the gate signal may include the data write gate
signal GWP and GWN, the data imitialization gate signal GI
and the organic light emitting element initialization gate
signal GB.

In the present example embodiment, the gate clock signal
CLK may have an active duration varied according to the
driving frequency. As the driving frequency decreases, a
length of the active duration of the gate clock signal CLK
may become longer.

When the display panel 100 1s driven 1n the high driving
frequency, the turn-on time of the third pixel switching
clement T3 of FIG. 2 may not be suflicient and the current
leakage may be occurred through the turned-off fourth pixel
switching element T4 of FIG. 2 so that the luminance of the
image represented by the pixel may be reduced.

When the active duration of the gate clock signal CLK
increases, the active duration of the data write gate signals
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GWP and GWN, the active duration of the data 1nitialization
gate signal GI and the active duration of the organic light
emitting element 1mtialization signal GB may increase.

When the active duration of the gate clock signal CLK
increases, an active duration of the data write gate signal
GWN applied to the third pixel switching element T3 may
increase. Accordingly, the turn-on time of the third pixel
switching element T3 may be suflicient 1n the low frequency
driving mode (or 1n the low frequency hybrid driving mode)
so that the decrease of the luminance of the image repre-
sented by the pixel may be prevented.

In addition, when the active duration of the gate clock
signal CLK 1increases, an active duration of the data write
gate signal GWP applied to the second pixel switching
clement T2 may increase. Accordingly, the turn-on time of
the second pixel switching element T2 may be suflicient in
the low frequency driving mode (or 1n the low frequency
hybrid driving mode) so that the decrease of the luminance
of the image represented by the pixel may be prevented.

In FIG. 5, vyl may be equal to or greater than 1, y2 may
be equal to or greater than y1, y3 may be equal to or greater
than yv2, v4 may be equal to or greater than y3 and y5 may
be equal to or greater than y4.

In the present example embodiment, the vertical start
signal FLLM may have an active duration varied according to
the driving frequency. As the driving frequency decreases, a
length of the active duration of the vertical start signal FLM
may increase.

When the active duration of the gate clock signal CLK
increases, the active duration of the vertical start signal FLM
may be set to be increased to normally operate the gate
driver 300. A single active duration of the vertical start
signal FLM may be greater than a single active duration of
the gate clock signal CLK.

In FIG. 5, x1 may be equal to or greater than 1, x2 may
be equal to or greater than x1, x3 may be equal to or greater
than x2, x4 may be equal to or greater than x3 and x5 may
be equal to or greater than x4.

According to the present example embodiment, the gate
clock signal CLK having the activation duration of the
varied length according to the driving frequency may be
applied to the gate driver 300. Accordingly, the luminance
difference between the images of the display panel 100
according to the dnving frequency may be compensated so
that the display quality of the display panel 100 may be
enhanced.

Therefore, the display quality deterioration in the low
frequency driving mode (or 1n the low frequency hybnd
driving mode) may be resolved so that the power consump-
tion of the display apparatus may be reduced and the display
quality of the display panel 100 may be enhanced.

FIG. 8 1s a timing diagram illustrating a vertical start
signal and a gate clock signal applied to a gate driver 1n a
low frequency driving mode of a display panel according to
an example embodiment of the present inventive concept.

The display apparatus according to the present example
embodiment 1s substantially the same as the display appa-
ratus of the previous example embodiment explained refer-
ring to FIGS. 1 to 7b except for the gate clock signal. Thus,
the same reference numerals will be used to refer to the same
or like parts as those described in the previous example
embodiment of FIGS. 1 to 75 and any repetitive explanation
concerning the above elements will be omaitted.

Referring to FIGS. 1 to 5 and 7a to 8, the driving
frequency of the display panel 100 may be varied according
to the input image. For example, the driving frequency of the
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display panel 100 may be determined as one of 60 Hz, 30
Hz, 20 Hz, 10 Hz, 2 Hz and 1 Hz according to the mput
image.

The gate driver 300 may generate the gate signal based on
the vertical start signal FLM and the gate clock signal CLK
and output the gate signal to the display panel 100. For
example, the gate signal may include the data write gate
signal GWP and GWN, the data imitialization gate signal GI

and the organic light emitting element initialization gate
signal GB.

In the present example embodiment, the gate clock signal
CLK may have an active duration varied according to the
driving frequency. As the driving frequency decreases, a
length of the active duration of the gate clock signal CLK
may 1ncreases.

In the low frequency driving mode, the gate clock signal
CLK may swing between a high level and a low level 1n a
writing frame when the data 1s written to the pixel. In the low
frequency driving mode, the gate clock signal CLK may
maintain the low level in a holding frame when the data
written to the pixel 1s maintained.

According to the present example embodiment, the gate
clock signal CLK having the activation duration of the
varied length according to the driving frequency may be
applied to the gate driver 300. Accordingly, the luminance
difference between the images of the display panel 100
according to the driving frequency may be compensated so
that the display quality of the display panel 100 may be
enhanced.

In the holding frame of the low frequency driving mode
(or the low frequency hybrid driving mode), the gate clock
signal may not swing but maintain the low level in the
holding frame so that the power consumption of the display
apparatus may be further reduced.

Therefore, the display quality deterioration generated 1n
the low frequency driving mode may be resolved so that the
power consumption of the display apparatus may be reduced
and the display quality of the display panel 100 may be
enhanced.

FIG. 9 1s a timing diagram illustrating a vertical start
signal and a gate clock signal applied to a gate driver 1n a
low frequency driving mode of a display panel according to
an example embodiment of the present inventive concept.

The display apparatus according to the present example
embodiment 1s substantially the same as the display appa-
ratus of the previous example embodiment explained refer-
ring to FIGS. 1 to 75 except for the gate clock signal. Thus,
the same reference numerals will be used to refer to the same
or like parts as those described in the previous example
embodiment of FIGS. 1 to 75 and any repetitive explanation
concerning the above elements will be omitted.

Referring to FIGS. 1 to 5, 7a, 7b and 9, the driving
frequency of the display panel 100 may be varied according
to the input image. For example, the driving frequency of the
display panel 100 may be determined as one of 60 Hz, 30
Hz, 20 Hz, 10 Hz, 2 Hz and 1 Hz according to the input
1mage.

The gate driver 300 may generate the gate signal based on
the vertical start signal FLLM and the gate clock signal CLK
and output the gate signal to the display panel 100. For
example, the gate signal may include the data write gate
signal GWP and GWN, the data initialization gate signal GI
and the organic light emitting element initialization gate
signal GB.

In the present example embodiment, the gate clock signal
CLK may have an active duration varied according to the
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driving frequency. As the driving frequency decreases, a
length of the active duration of the gate clock signal CLK
may 1ncreases.

In the low frequency driving mode, the gate clock signal
CLK may swing between a high level and a low level 1n a
writing frame when the data 1s written to the pixel. In the low
frequency driving mode, the gate clock signal CLK may
maintain the high level in a holding frame when the data
written to the pixel 1s maintained.

According to the present example embodiment, the gate
clock signal CLK having the activation duration of the
varied length according to the driving frequency may be
applied to the gate driver 300. Accordingly, the luminance
difference between the images of the display panel 100
according to the driving frequency may be compensated so
that the display quality of the display panel 100 may be
enhanced.

In the holding frame of the low frequency driving mode
(or the low frequency hybrid driving mode), the gate clock
signal may not swing but maintain the high level 1n the
holding frame so that the power consumption of the display
apparatus may be further reduced.

Theretfore, the display quality deterioration generated in
the low frequency driving mode may be resolved so that the
power consumption of the display apparatus may be reduced
and the display quality of the display panel 100 may be
enhanced.

FIG. 10 1s a table illustrating a level of a high power
voltage applied to a pixel according to a dnving frequency
of a display panel 100 according to an example embodiment
of the present inventive concept. FIG. 11 1s a timing diagram
illustrating a gate voltage of a first pixel switching element
T1 of the display panel 100 of FIG. 10 when the high power
voltage ELVDD 1s not compensated according to the driving,
frequency. FIG. 12 1s a timing diagram illustrating an
example of the high power voltage ELVDD of the display
panel 100 of FIG. 10 when the high power voltage ELVDD
1s compensated according to the driving frequency. FIG. 13
1s a timing diagram illustrating an example of the high power
voltage ELVDD of the display panel 100 of FIG. 10 when
the high power voltage ELVDD 1s compensated according to
the driving frequency.

The display apparatus according to the present example
embodiment 1s substantially the same as the display appa-
ratus of the previous example embodiment explained refer-
ring to FIGS. 1 to 7b except that the level of the high power
voltage applied to the pixel 1s adjusted to enhance the
display quality. Thus, the same reference numerals will be
used to refer to the same or like parts as those described in
the previous example embodiment of FIGS. 1 to 75 and any
repetitive explanation concerning the above elements will be
omitted.

Referring to FIGS. 1 to 45 and 10 to 13, the driving
frequency of the display panel 100 may be varied according
to the input image. For example, the driving frequency of the
display panel 100 may be determined as one of 60 Hz, 30
Hz, 20 Hz, 10 Hz, 2 Hz and 1 Hz according to the input
1mage.

In the present example embodiment, the high power
voltage ELVDD applied to the pixel of the display panel 100
may be varied according to the dniving frequency. As the
driving Ifrequency decreases, the level of the ligh power
voltage ELVDD may decrease. In FI1G. 10, for example, the
high power voltage ELVDD 1s 4.6V for the driving 1ire-
quency of 60 Hz, the high power voltage ELVDD 1s 4.4V for
the drniving frequency of 30 Hz, the high power voltage
ELVDD i1s 4.3V for the driving frequency of 20 Hz, the high
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power voltage ELVDD 1s 4.2V for the driving frequency of
10 Hz, the high power voltage ELVDD 1s 4.1V for the
driving frequency of 2 Hz and the high power voltage
ELVDD i1s 4.0V for the driving frequency of 1 Hz. However,
the present inventive concept may not be limited to the
specific value of the driving frequency and the specific level
of the high power voltage ELVDD.

As shown 1 FIG. 11, the level of the gate voltage Vg of
the first pixel switching element T1 of the display panel 100
may be gradually reduced due to the leakage current as time
passes. When the level of the gate voltage Vg of the first
pixel switching element 11 1s reduced, a voltage across the
gate and source electrodes V_ of the first pixel switching
clement T1 may increase. When the voltage across the gate
and source electrodes Vot the first pixel switching element
T1 increases, a drain current Id of the first pixel switching
clement T1 may increase. When the drain current Id of the
first pixel switching element T1 increases, the luminance of
the pixel may unintentionally increase.

When the display panel 100 1s driven in the high fre-
quency driving mode, the gate voltage Vg of the first pixel
switching element T1 may be refreshed in a high frequency.
However, when the display panel 100 1s driven in the low
frequency driving mode (or the low frequency hybrid driv-
ing mode), the gate voltage Vg of the first pixel switching
clement T1 may be refreshed 1n a low frequency so that the
luminance difference of the pixel between the high fre-
quency driving mode and the low frequency driving mode
(or the low frequency hybrid driving mode) may be gener-
ated.

In the low frequency driving mode of the display panel
100, when the high power voltage ELVDD 1s decreased, the
voltage across the gate and source electrodes V, may not
increase although the gate voltage Vg 1s reduced. Thus,
when the high power voltage ELVDD 1s properly adjusted,
the luminance diflerence of the pixel according to the change
of the driving frequency may be prevented.

In FIG. 12, for example, the level of the high power
voltage ELVDD may be decreased to a target level when the
driving frequency 1s changed from a high frequency (60 Hz)
to a lower frequency (10 Hz). In FIG. 13, for example, the
level of the high power voltage ELVDD may be gradually
decreased to the target level as time passes when the driving
frequency 1s changed from a high frequency (60 Hz) to a
lower frequency (10 Hz). When the level of the high power
voltage ELVDD 1s gradually decreased to the target level,
the decrease curve of the level of the high power voltage
ELVDD may be further approached to the decrease curve of
the level of the gate voltage Vg of the first pixel switching
clement T1 of FIG. 11 so that the luminance difference of the
pixel according to the change of the driving frequency may
be further effectively prevented.

According to the present example embodiment, the high
power voltage ELVDD having the varied level according to
the driving frequency may be applied to the pixel. Accord-
ingly, the luminance diflerence between the images of the
display panel 100 according to the driving frequency may be
compensated so that the display quality of the display panel
100 may be enhanced.

Therefore, the display quality deterioration generated 1n
the low frequency driving mode (or 1n the low frequency
hybrid driving mode) may be resolved so that the power
consumption of the display apparatus may be reduced and
the display quality of the display panel 100 may be
enhanced.

FIG. 14 1s a table 1llustrating a gate on voltage applied to
a gate driver 300 according to a driving frequency of a
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display panel 100 according to an example embodiment of
the present inventive concept. FIG. 15 1s a timing diagram
illustrating the gate on voltage VGH of the gate driver 300
of FIG. 14 when the gate on voltage 1s compensated accord-
ing to the dniving frequency.

The display apparatus according to the present example
embodiment 1s substantially the same as the display appa-
ratus of the previous example embodiment explained refer-
ring to FIGS. 1 to 7b except that the level of the high power
voltage applied to the pixel 1s adjusted to enhance the
display quality. Thus, the same reference numerals will be
used to refer to the same or like parts as those described in
the previous example embodiment of FIGS. 1 to 75 and any
repetitive explanation concerning the above elements will be
omitted.

Referring to FIGS. 1 to 456 and 14 and 15, the dniving
frequency of the display panel 100 may be varied according
to the input image. For example, the driving frequency of the
display panel 100 may be determined as one of 60 Hz, 30
Hz, 20 Hz, 10 Hz, 2 Hz and 1 Hz according to the input
image.

In the present example embodiment, the gate on voltage
VGH applied to the gate driver 300 may be varied according,
to the driving frequency. As the driving frequency decreases,
the level of the gate on voltage VGH may increases. In FIG.
14, for example, the gate on voltage VGH 1s 7.0V for the
driving frequency of 60 Hz, the gate on voltage VGH 1s 7.1V
tor the driving frequency of 30 Hz, the gate on voltage VGH
1s 7.2V for the drniving frequency of 20 Hz, the gate on
voltage VGH 1s 7.3V for the driving frequency of 10 Hz, the
gate on voltage VGH 1s 7.4V for the driving frequency of 2
Hz and the gate on voltage VGH 1s 7.5V for the drniving
frequency of 1 Hz. However, the present inventive concept
may not be limited to the specific value of the driving
frequency and the specific level of the gate on voltage VGH.

When the display panel 100 is driven 1n the high driving
frequency, the turn-on time of the third pixel switching
clement 13 of FIG. 2 may not be suflicient and the current
leakage may be occurred through the turned-ofl fourth pixel
switching element T4 of FIG. 2 so that the luminance of the
image represented by the pixel may be reduced.

When the level of the gate on voltage VGH increases, the
high level of the data write gate signals GWP and GWN, the
high level of the data initialization gate signal GI and the
high level of the organic light emitting element 1nitialization
signal GB may increase.

When the level of the gate on voltage VGH 1increases, the
high level of the data write gate signal GWN applied to the
third pixel switching element T3 may increase. Accordingly,
a driving force of the third pixel switching element T3 may
increase in the low frequency driving mode (or in the low
frequency hybrid driving mode) so that the decrease of the
luminance of the image represented by the pixel may be
prevented.

According to the present example embodiment, the gate
on voltage VGH having the varied level according to the
driving Ifrequency may be applied to the gate driver 300.
Accordingly, the luminance difference between the 1mages
of the display panel 100 according to the driving frequency
may be compensated so that the display quality of the
display panel 100 may be enhanced.

Theretfore, the display quality deterioration generated in
the low frequency driving mode (or 1n the low frequency
hybrid driving mode) may be resolved so that the power
consumption of the display apparatus may be reduced and
the display quality of the display panel 100 may be

enhanced.
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FIG. 16 1s a circuit diagram 1llustrating a pixel of a display
panel 100 according to an example embodiment of the
present inventive concept.

The display apparatus according to the present example
embodiment 1s substantially the same as the display appa-
ratus of the previous example embodiment explained refer-
ring to FIGS. 1 to 75 except for the pixel structure. Thus, the
same relerence numerals will be used to refer to the same or
like parts as those described in the previous example
embodiment of FIGS. 1 to 75 and any repetitive explanation
concerning the above elements will be omitted.

Referring to FIGS. 1, 3 to 7b and 16, at least one of the
pixels may include first to seventh pixel switching elements
T1 to T7, a storage capacitor CST and the organic light
emitting element OLED.

The pixel structure of the present imvention may be
substantially the same as the pixel structure of FIG. 2 except
that the control electrode of the seventh pixel switching
clement 17 1s connected to the control electrode of the sixth
pixel switching element T6.

The emission signal EM 1s applied to the control electrode
of the seventh pixel switching element 17, which 1s the
N-type transistor, so that the seventh pixel switching ele-
ment T7 1s turned on when the emission signal EM has a
high level (DU1 to DU3 in FIG. 3). Therefore, the organic
light emitting element OLED may be mnitialized.

In the present example embodiment, the emission signal
EM 1s applied to the seventh pixel switching element 17, the
organic light emitting element 1nitialization signal GB may
not be generated and the gate line for applying the organic
light emitting element initialization signal GB may be
omitted.

FIG. 17 1s a circuit diagram 1llustrating a pixel of a display
panel 100 according to an example embodiment of the
present inventive concept. FIG. 18 1s a timing diagram
illustrating input signals applied to the pixel of the display
panel of FIG. 17.

The display apparatus according to the present example
embodiment 1s substantially the same as the display appa-
ratus of the previous example embodiment explained refer-
ring to FIGS. 1 to 7b except for the pixel structure. Thus, the
same reference numerals will be used to refer to the same or
like parts as those described in the previous example
embodiment of FIGS. 1 to 75 and any repetitive explanation
concerning the above elements will be omitted.

Referring to FIGS. 1, 3 to 7b and 17 and 18, at least one
of the pixels may include first to seventh pixel switching
clements T1 to T7, a storage capacitor CST and the organic
light emitting element OLED.

In the present example embodiment, the seventh pixel
switching element T7 includes a control electrode to which
the organic light emitting element 1mitialization gate signal
GB 1s applied, an input electrode to which the mitialization
voltage VI 1s applied and an output electrode connected to
the anode electrode of the organic light emitting element.

For example, the seventh pixel switching element T7 may
be the polysilicon thin film transistor. For example, the
seventh pixel switching element T7 may be the P-type thin
{ilm transistor.

In FIG. 18, during a first duration DU1, the first node N1
and the storage capacitor CST are mitialized 1n response to
the data imitialization gate signal GI. During a second
duration DU2, a threshold voltage IVTHI of the first pixel
switching element T1 1s compensated and the data voltage
VDATA of which the threshold voltage IVTHI 1s compen-
sated 1s written to the storage capacitor CST 1n response to
the first and second data write gate signals GWP and GWN.
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During a third duration DU3, the anode electrode of the
organic light emitting element OLED 1s mitialized 1in
response to the organic light emitting element 1nitialization
gate signal GB. During a fourth duration DU4, the organic
light emitting element OLED emait the light 1n response to
the emission signal EM so that the display panel 100
displays the 1mage.

In the present example embodiment, the active level of the
organic light emitting element 1nitialization gate signal GB
may be a low level.

In the present example embodiment, some of the pixel
switching elements may be designed using the oxide thin
film transistors. In the present example embodiment, the
third pixel switching element 13 and the fourth pixel switch-
ing element T4 may be the oxide thin film transistors. The
first pixel switching element T1, the second pixel switching
clement T2, the fifth pixel switching element T5, the sixth
pixel switching element T6 and the seventh pixel switching
clement 17 may be the polysilicon thin film transistors.

According to the display apparatus of the present inven-
tive concept as explained above, the power consumption of
the display apparatus may be reduced and the display quality
of the display panel may be enhanced.

Although a few example embodiments of the present
inventive concept have been described, those skilled 1n the
art will readily appreciate that many modifications are
possible 1n the example embodiments without materially
departing from the novel teachings and advantages of the
present inventive concept. Accordingly, all such modifica-
tions are intended to be included within the scope of the
present mventive concept as defined 1n the claims.

What 1s claimed 1s:

1. A display apparatus comprising:

a display panel comprising a pixel which includes a
switching element of a first type and a switching
clement of a second type different from the first type;

a gate driver configured to generate a gate signal based on
a vertical start signal and a gate clock signal, and output
the gate signal to the display panel;

a data driver configured to output a data voltage to the
display panel; and

an emission driver configured to output an emission signal
to the display panel,

wherein a driving frequency of the display panel 1s varied
according to an input 1mage,

wherein the gate clock signal has an active duration
having a varied length according to the driving ire-
quency,

wherein, 1n a low frequency driving mode, the gate clock
signal swings between a high level and a low level 1n
a writing frame when data 1s written to the pixel, and

wherein, 1 the low frequency driving mode, the gate
clock signal maintains the low level 1n a holding frame
when the data written to the pixel 1s maintained.

2. The display apparatus of claim 1, wherein, as the
driving frequency decreases, the length of the active dura-
tion of the gate clock signal increases.

3. The display apparatus of claim 2, wherein an active
duration length of the vertical start signal varies according to
the driving frequency.

4. The display apparatus of claim 3, wherein, as the
driving frequency decreases, the active duration length of
the vertical start signal increases.

5. The display apparatus of claim 2, wherein the gate
signal includes a data write gate signal, and

wherein an active duration length of the data write gate
signal varies according to the driving frequency.
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6. The display apparatus of claim 1, wherein the switching
clement of the first type 1s a polysilicon thin film transistor,
and

the switching element of the second type 1s an oxide thin

film transistor.

7. The display apparatus of claim 6, wherein the switching
clement of the first type 1s a P-type transistor, and

the switching element of the second type 1s an N-type

transistor.

8. The display apparatus of claim 6, wherein the pixel
COmMprises:

a first pixel switching element comprising a control
clectrode connected to a first node, an mput electrode
connected to a second node and an output electrode
connected to a third node;

a second pixel switching element comprising a control
clectrode to which a first data write gate signal 1is
applied, an mput electrode to which the data voltage 1s
applied and an output electrode connected to the second
node;

a third pixel switching element comprising a control
clectrode to which a second data write gate signal 1s
applied, an mput electrode connected to the first node
and an output electrode connected to the third node;

a fourth pixel switching element comprising a control
clectrode to which a data mitialization gate signal 1s
applied, an mput electrode to which an mitialization
voltage 1s applied and an output electrode connected to
the first node;

a fifth pixel switching element comprising a control
clectrode to which the emission signal 1s applied, an
mput electrode to which a high power voltage is
applied and an output electrode connected to the second
node;

a sixth pixel switching element comprising a control
clectrode to which the emission signal 1s applied, an
input electrode connected to the third node and an
output electrode connected to an anode electrode of an
organic light emitting element;

a seventh pixel switching element comprising a control
clectrode to which an organic light emitting element
initialization gate signal 1s applied, an input electrode
to which the mmitialization voltage 1s applied and an
output electrode connected to the anode electrode of the
organic light emitting element; and

a storage capacitor comprising a first electrode to which
the high power voltage 1s applied and a second elec-
trode connected to the first node, and

wherein the organic light emitting element 1ncludes the
anode electrode connected to the output electrode of the
sixth pixel switching element and a cathode electrode
to which a low power voltage 1s applied.

9. The display apparatus of claim 8, wherein the first pixel
switching element, the second pixel switching element, the
fifth pixel switching element and the sixth pixel switching
clement are the polysilicon thin film transistors, and

wherein the third pixel switching element, the fourth pixel
switching element and the seventh pixel switching
clement are the oxide thin film transistors.

10. The display apparatus of claim 8, wherein the first
pixel switching element, the second pixel switching element,
the fifth pixel switching element, the sixth pixel switching
clement and the seventh pixel switching element are the
polysilicon thin film transistors, and

the third pixel switching element and the fourth pixel
switching element are the oxide thin film transistors.
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11. The display apparatus of claim 6, wherein the pixel

COmMprises:

a first pixel switching element comprising a control
clectrode connected to a first node, an mput electrode

22

in a low driving frequency less than the high driving
frequency 1n a hybnd driving mode.

14. A display apparatus comprising:

a display panel comprising a pixel which includes a
switching element of a first type and a switching

connected to a second node and an output electrode > ;
tod 1o a third node: clement of a second type different from the first type;
CONNECLEe T ‘ . a gate driver configured to generate a gate signal based on

a second pixel switching element comprising a control a vertical start signal and a gate clock signal, and output
elect'rode tcz- which a first data‘write gate signal %s the gate signal to the display panel:
applied, an mput electrode to which the data voltage 1s P data driver configured to output a data voltage to the
applied and an output electrode connected to the second display panel; and
node; an emission driver configured to output an emission signal

a third pixel switching element comprising a control to ﬂ_le displa?y panel, _ | _
electrode to which a second data write gate signal is wheremd‘z} dﬂ:mg f{'equtal}cy of the display panel 1s varied

: : according to an input 1mage,
applied, an input electrode connected to the. first node wherein th% gate clgck siglglal has an active duration
and an output electrode connected to the third node; havine a varied leneth accordine to the drivine fre.

a fourth pixel switching element comprising a control 2 8t 2 S
clectrode to which a data initialization gate signal 1s thflalll‘Z?If}En  Tow freauency drivine mode. the eate clock
applied, an mput electrode to which an mitialization . 1’ oc b w? yhj b S | d" | ; lovel ;

: : signal swings between a evel and a low level 1n
voltage 1s applied and an output electrode connected to ,, . %Hnriting frime when data %s written fo the pixel, and
the first node; ’

a ﬁfTh I;i){l;? :\;itching element comprising a control wherein, I the low frequency driving mode, the gate
clectrode to which the emission signal 1s applied, an SEZE iigenzgga;ﬁtig; E[l;etlﬁ;ghif;eiS“Lfﬂ?;ﬁigdfmme
input electrode to which a high power voltage 1is 15 A dicnl P _ '
applied and an output electrode connected to the second . élisp 1;;p ;ﬁni?pii;iiz?gpgsﬁil which includes a
node; S L.

a sixth pixel switching element comprising a control Zﬁﬁi?i fiesffgﬁ dc:[f ae glr ;tergll‘zefr;nndﬂ?e %T;:ihlig
clectrode to which the emission signal 1s applied, an + onte driver confi uregptto oﬁt A eate sional toyf‘hej
input electrode connected to the third node and an %1 | I S P & S
output electrode connected to an anode electrode of an ) d;fg zﬁﬁeinién foured 16 outout a data voltase to the
organic light emitting element; Fispl | %u P -

; L .. 1splay panel; an

a seventh pixel switching element comprising a control an empiss?oﬁ drivjer configured to output an emission signal
electrode to which the emission signal 1s applied, an he disn] | 2t P Sl
iput electrode to which the imitialization voltage is WI;[ZI‘;I?EI ilsrl::;i pi?rlf;eflenc of the disolay panel is varied
a%)plieddandfallll output gle;trﬁde cgnpecteld to the anzde 33 according to gan i?lpllt gnage the pdr?vlijng frequency
electrode ol the organic lignt emitting element; an _ : o ’ ..

a storage capacitor comprising a first electrode to which }?zéiii% alf\f;rdglg%hf;egginggiiz af::;l?;fcin;%g
the hi Itage 1 lied and d elec- "
troe de fgnﬁzizg :2 tﬁgeﬁlrztaﬁg dlee 3?11(11 o SEEONE S wherein a high power voltage applied to the pixel gradu-

wherein the organic light emitting element includes the ,, ally decrease during a period which 1s driven by the

anode electrode connected to the output electrode of the
sixth pixel switching element and a cathode electrode

second driving frequency.
16. The display apparatus of claim 15, wherein, as the

driving frequency decreases, the level of the high power
voltage decreases.

17. A display apparatus comprising:

a display panel comprising a pixel which includes a
switching element of a first type and a switching
clement of a second type different from the first type;

a gate drniver configured to output a gate signal to the
display panel;

a data driver configured to output a data voltage to the
display panel; and

an emission driver configured to output an emission signal
to the display panel,

wherein a driving frequency of the display panel varies
according to an input 1mage, and

wherein a level of a gate on voltage defining a high level
of the gate signal increases as the driving frequency
decreases.

to which a low power voltage 1s applied.

12. The display apparatus of claim 1, wherein a display
panel driver 1s configured to drive the switching element of 5
the first type and the switching element of the second type
in a high drnving frequency 1 a high frequency driving
mode, and

wherein the display panel driver 1s configured to drive the

switching element of the first type and the switching s,
clement of the second type 1n a low driving frequency
in a low frequency driving mode.

13. The display apparatus of claim 1, wherein a display
panel driver 1s configured to drive the switching element of
the first type and the switching element of the second type .
in a high dnving frequency 1n a high frequency driving
mode, and

wherein the display panel driver 1s configured to drive the

switching element of the first type 1n the high driving
frequency and the switching element of the second type I I
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